Background. Hypertriglyceridemia is a common metabolic disturbance in men <45 years old with myocardial infarction. To further investigate the relation between triglyceride-rich lipoproteins and severity of coronary atherosclerosis in this subset of postinfarction patients, apolipoprotein B-containing lipoproteins of 64 consecutive patients were subfractionated in connection with coronary angiography.
Background. Hypertriglyceridemia is a common metabolic disturbance in men <45 years old with myocardial infarction. To further investigate the relation between triglyceride-rich lipoproteins and severity of coronary atherosclerosis in this subset of postinfarction patients, apolipoprotein B-containing lipoproteins of 64 consecutive patients were subfractionated in connection with coronary angiography.
Methods and Results. Density-gradient ultracentrifugation of plasma and coronary angiography were performed 4 to 6 months after the myocardial infarction. Global coronary atherosclerosis and the number and severity of distinct stenoses were evaluated by seniquantitative analysis of 15 proximal coronary segments. The majority of the patients (60%o) were hypertriglyceridemic and had higher coronary scores than normotriglyceridemic patients. Of the major plasma lipoproteins, triglycerides and cholesterol in the low-density lipoprotein (LDL) fraction were associated with global coronary atherosclerosis, whereas LDL triglycerides and high-density lipoprotein (HDL) cholesterol correlated directly and inversely, respectively, with the coronary stenosis score. Plasma apolipoprotein B correlated with both coronary scores. The plasma concentrations of lipid and protein in the very-low-density lipoprotein (VLDL) subfractions (VLDL1 through VLDL3) and intermediate-density lipoprotein (IDL) did not correlate with either of the coronary scores, whereas the concentration of triglycerides in dense LDL (density >1.040 kg/L) was strongly associated with both coronary scores. Compositional analysis of the smallest VLDL particles (VLDL3) and IDL revealed a correlation between the number of cholesteryl ester molecules in small VLDL and global coronary atherosclerosis in hypertriglyceridemic patients.
Conclusions. Global coronary atherosclerosis and distinct stenoses in young postinfarction patients are associated with the number of apolipoprotein B-containing particles in plasma and the concentration of LDL triglyceride. Specifically, dense triglyceride-rich LDL particles and, in hypertriglyceridemic patients, small cholesteryl ester-rich VLDL particles relate to coronary artery disease severity. (Circulation. 1993; 88[part 11:2180 -2189 KEY WORDs * hyperlipoproteinemia * cholesterol * lipoproteins P rospective epidemiological studies have demonstrated an independent association between the concentrations of low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol and the incidence of coronary heart disease (CHD), particularly in men,1-3 whereas the results regarding verylow-density lipoprotein (VLDL) lipids have been conflicting in this respect. [4] [5] [6] In cross-sectional studies, the concentration of the structural protein of VLDL and LDL, apolipoprotein B, has been considered a better discriminator between patients with manifest CHD and healthy control subjects or between patients with or without Both VLDL and LDL are heterogeneous populations of particles varying in origin, structure, and interactions with cellular receptors. Subfractionation of LDL, either by gradient gel electrophoresis or by density-gradient ultracentrifugation, has shown that small and dense LDL particles are more abundant in patients with CHD,26-28 whereas the corresponding information on VLDL subclasses is lacking.
Hypertriglyceridemia is a common metabolic disturbance in men with myocardial infarction before the age of 45 years.29 Furthermore, previous studies in this group of patients have revealed positive associations between the apolipoprotein B level in plasma and the extent of CAD13 and between the triglyceride content of the dense LDL subfraction and global severity and rate of progression of CAD.28 To further investigate the relation between triglyceride-rich lipoproteins and the severity of coronary atherosclerosis in this subset of postinfarction patients, subfractionation of apolipoprotein B-containing lipoproteins (VLDL, IDL, and LDL) was performed in connection with coronary angiography in consecutive patients admitted to the emergency hospitals in the Stockholm metropolitan area.
Methods

Subjects
Sixty-four men with a first myocardial infarction before the age of 45 years were studied consecutively. The Blood samples for lipoprotein analyses were taken between 8 and 9 AM after 12 hours of fasting, during which time smokers were asked to refrain from smoking. All subjects were free of symptoms of infectious disease at the time of blood sampling. Venous blood for lipoprotein fractionation was drawn into precooled vacutainer tubes containing Na2EDTA (1.4 mg/mL) and placed in an ice bath. Plasma was then recovered by low-speed centrifugation (1400g, 20 minutes) at + PC and kept at this temperature throughout the preparation procedures.
Lipoprotein Determinations
The major plasma lipoproteins (VLDL, LDL, and HDL) were determined by a combination of preparative ultracentrifugation and precipitation of apolipoprotein B-containing lipoproteins, followed by lipid analyses as described. 30 Compared with the controls, marked elevations of VLDL and LDL triglyceride and cholesterol concentrations were found among the patients, whereas the level of HDL cholesterol in the patient group was lower ( Table 2 ). Control for the confounding effect of the group difference in BMI by ANCOVA did not result in elimination of any statistically significant case-control differences for the plasma concentrations of major lipoproteins (data not shown). The potential influence of ongoing 83-blocker medication in the vast majority of the patients could not be controlled for, since so few patients were without this medication.
Relations of Plasma Lipoproteins to Coronary Angiography Scores
The global coronary atherosclerosis scores were higher, although not significantly, in all hyperlipoproteinemic groups than in the normolipidemic patients ( variation in the coronary stenosis score. Addition of other lipoprotein variables, although statistically correlated with the stenosis score when age had been taken into account, did not increase the value of multiple R2, whereas addition of BMI added another 12% to the variation in the coronary stenosis score (Table 6 ).
In the hypertriglyceridemic patients, 49% of the variability in the coronary atherosclerosis score could be explained by age and the number of cholesteryl ester molecules in VLDL3. Addition of other lipoprotein variables, plasma apolipoprotein B, or dense LDL triglycerides did not result in a significant increase in the multiple R2.
Interrelations Between Lipoprotein Fractions and Subfractions
The concentrations of triglyceride and protein in dense LDL were strongly associated with the apolipoprotein B concentration in plasma (r=.51 and r=.52, respectively; P<.001). Dense LDL triglyceride but not protein correlated with the VLDL cholesterol (r=.37, P<.01) and the VLDL triglyceride (r=.34, P<.01) concentrations. Similar relations were found between the triglyceride but not the protein concentration in dense LDL and the number of molecules of cholesteryl ester in VLDL3 particles (r=.33, P<.05) and the HDL cholesterol concentration (r=-.40, P<.01), respectively ( Figs 3A and 3B) . In all, 43% of the variability in dense LDL triglycerides could be explained by plasma apolipoprotein B, number of cholesteryl ester molecules in VLDL3, and HDL cholesterol (Table 6) . No associations were found between the number of cholesteryl ester molecules in VLDL3 and lipoprotein lipids or apolipoprotein B in plasma.
Nonlipid Risk Factors in Patients Grouped by the
Degree of CAD
The proportions of patients who were smokers or hypertensive or had decreased oral glucose tolerance in each tertile of the coronary angiography scores were tested by x2 test (data not shown). Only hypertension related significantly to both coronary atherosclerosis and stenosis (P<.05 and P<.01), whereas smoking was more common among patients with a high stenosis score (P< .01).
Discussion
The majority of the patients in this angiographic study, which focused on the relations of apolipoprotein B-con- taining lipoproteins to global coronary atherosclerosis and stenoses, had hyperlipoproteinemia, predominantly type IV hypertriglyceridemia. The hypertriglyceridemic patients had higher coronary angiography scores than the normolipidemic patients. Among the major plasma lipoproteins and plasma apolipoprotein B, the concentration of apolipoprotein B was the strongest predictor of both the global coronary atherosclerosis and stenosis scores. There was no consistent association between the total VLDL cholesterol concentration and the coronary scores, whereas positive relations existed between the number of molecules of cholesteryl esters in small VLDL particles and the coronary atherosclerosis score in hypertriglyceridemic patients and with the stenosis score in the entire patient group. Increased amounts of lipid, especially triglycerides, and protein in dense LDL (density >1.040 kg/L) correlated strongly with the severity of coronary atherosclerosis as well as with the number and severity of distinct stenoses. Of note, the results of the multivariate analysis should be regarded with due caution, since the R2 statistic is influenced by sample size, and the values of multiple R2 not infrequently are spuriously large in models based on a small sample.
Hypertriglyceridemia is a common metabolic disturbance in young postinfarction patients,29 and the hypertriglyceridemic patients had higher coronary angiographic scores than the normotriglyceridemic patients. Nevertheless, no consistent relations were found between VLDL lipid concentrations and coronary scores. However, the cholesteryl ester content of the VLDL subfraction containing the smallest particles, the VLDL3 subfraction, related to the global coronary atherosclerosis and stenosis scores, particularly in the hypertriglyceridemic patients. The increased number of cholesteryl ester molecules in small VLDL was not related to the plasma VLDL triglyceride concentration and could therefore explain the nonlinear relation between hypertriglyceridemia and CAD. expected to weaken any existing relations between plasma lipoprotein fractions and coronary scores rather than producing spurious associations. The high prevalence of an isolated elevation of VLDL in the present study group is in accordance with the findings of several previous studies of postinfarction patients48-50 in which a raised VLDL cholesterol concentration proved to be the most pronounced alteration of the major lipoprotein fractions. Similarly, an elevated concentration of whole serum or VLDL triglycerides has been shown to be the best discriminant between subjects with and without CAD in an older British population, even when cholesterol and triglyceride concentrations in VLDL, LDL, and HDL as well as serum apolipoproteins A-I and B were included in the analysis.51
In summary, of the major lipoproteins and apolipoproteins, the plasma apolipoprotein B concentration, which reflects the number of VLDL and LDL particles in plasma, seems to be the best predictor of CAD severity. Addition of the plasma concentration of triglyceride in dense LDL increases the ability to predict the global coronary atherosclerosis and stenosis scores in young postinfarction patients. With respect to possible atherogenic mechanisms, compositional changes and alterations in the subclass distribution of apolipoprotein B-containing lipoproteins were found, linking disturbances of triglyceride-rich lipoproteins to CAD. A novel finding is the positive relation between the cholesteryl ester content of small VLDL and CAD in hypertriglyceridemic patients. This could represent a pathogenic mechanism in this subset of patients.
